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�\#(                +,"���I ��� d�e,* .���T +�, A	��=E8" [��� N�b@! �	 

)Drip loss (��M��<(��! %�"   ���=8 3 6! W� %�" +� �$" 

    �$" B	�, )* ?�K8	 +,.   =���$ ��U@# %�" +,3       )* +�,   �I +�V� 

              B��I ��=E@# fJ�$   ��	�M +��g" %�&'� ��Yh�� �     ��, %��&'

$��, )* .��T�0P3�I  .

=���$3 '� 3   >" QV#%���   �����	 ./�01# 3 "�"	 (  �>�" 

  B	 X�"   B	�, .��K`  "    �c� �� B�&8�H@� >" �$% ��!(   C���K����# 

 "�, +�(  ��$	 +,            	"��#   ;* �	 ?���1# .��K���� A)* )	� * 

  i �, �D�#3        ��I�M B	��P >" �-&HI +�R�# �@j  ��!(  !��# 3

  B��I "��<  ��8")k   ��.( =����$3    A�P��$ +��R�# )����� �	 

D�01#3       �, A��G�$ 	��, �!"�P 3     �,   ��, 3       l"��P ��, Q�9i 

	�'�=`(    +� /�,  ��i +,    8 m�0�# Q�7&H�#  3�= 	��I   +�, +�'�, 

         �b�	 ./�01# ��D�� �	 +�D " B	�# d� )"�@`  ���] +, 3�#	 �

)��     �n .(o/�=9#  "��, (    =����$ ���D�� 3    C�R"�#  ���>   N��E8" 

#3	��M :  )	��� X�=�    !��# +��D " 3  >��$"�< A(      +��V�   ��I�M 

 P�j �I�M3 !�# 3        �-�&HI +��R�# %���@j A)   �	 )�8�H��P

;*(������b,* A(��#�����$ p������1# 	"�����# �����, ^�������� A3

)Cryoprotectants( A+&H,(�@, 	�=E8"   )��  ��.(

 ;��q# >" � � %����!( +�b8(�"	  8/��i 3     ^��2" .��# 

 =�����$ +���=< >" �!"���23A���$" 	���=E8"  . 	���=E8" �`���$

6@�" �!( , �'�# 3  ���=�I��,   3    6!�� "� 3#�!	 .    ��@j ��!

       &�I�$"  	��=E8" B� 	 ?�i �	 +�3 %�c� ��� ��!(  ���K�����# 3

   	�'�=` l"�P 6!�� r`�,(   %�" %�c� ���!     ^K$ +E�&8 �	   

�H��'� > ���,(&����, ."�����\� 3M�@@'��I 6�"X���" ���@8�# ?F 3 A

 &5$ 6�"X�"3  M�@KHj   3   I�, 6@� 6!�� A3 !�� A   68��� 6

I�,3        �	 C'I ���\� ���,�O 6!��   ?F�!( =���$ 33#	�I .

&���I�$"  B������� QH����8�'#3%�c� ���������!	����=E8" ����Y" �	 

(Freeze denaturation).��T +, �$" B�I )��, ��> )��:(

 &I�$"  B����3%�c� ���!      D��$ s��P ;* 	�=E8" �Y" �	 A3

    t� %�c� �� ?�'D�#3#�!	 . ���i +, �9�Ki 3	    ?��'D�# d�� �

  �� %�c� ��(  AB �M�!(          C�P"	 �	 ;�� ����!  B ��M ��!(

 uq��$�	 C�� �����!)s����P (+��&��M �"���O ?���'D�#���8" . %���,

B ���M���!(+'K��I ;*   C�� �����! "(�!���8��� >" (8F �����! 3

       �"����� ^K�$ +�� B�I C�'-�(      ��9, +�$ )�=&P��$ (   %�c� ��� 

3#	�I .    	�=E8" �Y" �	),  +   ��@� 	�=E8" BW� (A     D���$ s���P ;* 3

              �!��8��� )��I +&H�'I +�, ��E@# +� B	> 
� %�c� �� ?�'D�#(

8F ���!3  �"�����8   (       +E�&8 �	 B�I %�c� �� )�=&P�$ B �M�!(

        %�"   B�#* ?�'D�# uq$ +, ;�� ���! B ��M ��!(   ;�� ����! 

      Q! �,B �M�!(             ����V8 �	   B	"	 6@��"  Q�! �, X�8 C�� ���! 

     ��&P�$ )�I >�, r`�,  %�c� ��3#	�I .Q!%�@j     ��U�2 	��=E8" 

           8��� .��O ���\� �Y" �	 +� B	"	 6�"X�" "� �#�< 	"�#3    /��=&R"   

pH&I�$"  B���� 3%�c� ���!# t� 	�=E8" �Y" �	 3�!	.

��#�$ p��1# 	"�# C=` QH�8�'#3  +�� ��$" )*   ��D�R �	

9�Ki3 +&I� �!(  ���K����# %�c� �� 3          �@&H�! � 	 �b���=! >" 

�, ?�'D�# �V8* %�!(D  �$" v�K1# ;* 3 	��=E8" �Y" �	 A ;* 
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 ���K����# %�c� ��3     B �M %�,   B�I d�	X8 QV, �!(   ��V8* ?��9� 

  6@� Q! �,�!( 	 ( ��GD�$ A 8F ���! 3     �"��O�, d�,�� ���!   

3#	�I   �! ?�&H���   (   
� ) > s��P�	B��E8�! (      � ��# +�, X��8

         &I�$"  B���� +, �E@# +� B�I w�X,   B	�� �I�3%�c� �� ��!

 	�=E8" �Y" �	3#	�I.  	 CO"�R %&I"	 �, �@&'� �� ��"�� 	"�#

   '� +� ?�9� B �M3       '�   %�c� �� B��E8> +, �V8* >" 3      +�, ��V8* >" 

   CT  ;*3#	�I   r�`�,   B	��� +�"���! "� %�c� �� A 3�# 	��I

 �	 ;* x,/ ( B��E8> �!(        �,   ��8X, 
�� %�c� ��   +    N��` C��D	

   B��E8> %�, >" y�1�    	�-8 s��P �!)  C'I�.(      ��b�	 +�E�&8 �	 

B��E8>�!(  =8 %�c� �� 3  �, �@8"��  +     �8��I d��	X8 Q�! .   %��" �	

�D�R?�&H����!(B��E8> >" s��P 
� �!(@�c� �� 3�$" Q� .

z�"�      �	 B	�G&$" 	��# �@&'� ����"�� %���=���$3  {��5# 

    |=8   ?�&�,��$   > ����$      B> �#" 3D  �$" .�GH� 3�� (�!

9$3    �@&'� ����"��>" +� �$" )*�, ��!3   �D��� �, (   @����I   3

  	�I B	�G&$" %���� .   , _�71� %�" �	 + ��<(     > �����$ {���5# 

      B	�G&$" %�&'� B	�# >" ?�&�,��$3#	�I    ���  ��Yh��      	��KV, ��, )* 

=���$ ��G��3# �=E@# 		�M }5- .

 ��D   )���� )���771#3   ��#���$ p����1# ���Y" +��9D�q# ���, 3
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        �# [��# ?�&�,��$ +� �8	�� )��, [��# ?�&�,��$3    )"��@9, ��8"��

�< ?�&�,����$ %�-��8�<=�����$ �	 ���#3 	���I B	�G&��$" )�� .(

    )"��'=!   �E#�$��Yh�         B��I X�D ����! %��&��   �b�# %�&��

  � �b�#( &I�$"  3%�c� ���!        �	 	�<�# B	X8 
� ;* �"�7#   

=���$3   ��8	�] 3�$��, "� 	�=E8" B� 	 ?�i �	 A)��.(  F  

��#�$ p��1# �Y" +, )"��'=!3   ���   Q���$ .��&�/ ( >�D��! 

	�� B��I"�8)�k .( ?�$ �	�~~��$�# (    +�� 	��� )���, ^H8 

 y�X�, %�c� ��(Flaxseed) �	   ��U�2� % "�"	(   p���1# ��Y" 

��#�$3  � ( =���$ 3    �# y/���'�$/* 3   ��I�,)�� .(   ?��$ �	

�k����8/ �=T +� 	�� )��, ���!3   H���,�� A.��@�WD* ��@8�# 3

         >" C�T�R ./�0�1# l"�P 	�KV, r`�, )�&8">   XD��$ C�&#

����$=�3��# 3 �8���I)�~ .( +��� ���8	�� )����, )"����'=!   � *

=���$3�!( �R (� % �"����� %��&-�, ������$�b�D "( �	 "� 

	�=E8" [��   	�=E8" �,"�,# )�-8 	�P >"3 �@!	)�.(

 " �	�    �#�$ p��1# 678 A_�71� %3�     ��Yh�    ��, %�&a� �KL# 

��$�=3  �$��, �=E@# 3  ��$" B��I  .  	��=E8"� �'3 ��&V, >" � %

�� �!(+b8(�"	   �# �!"�2 3       "��I ��M" ��#" A��I�,�   ^�$�@# �

�=`�      	�=E8" .�+b8(�"	�`� �    6!���   .�#��T ��, 	�-8 �

��G�  �V8 ?�01# �3�       	��, ��!"�P B"�=! m�0# N�b@!  .D	 �� C

����$ ;���5&8"�=3) =P���!���# �3 ("���2 )"���@` +��,( A���=E@# 

$�HR� > �� G@# ��Y*   	�=E8" +, )* 	�3 " ��, 	�=E8"  ��  "��2 % >"

    	��'�=` l"�P 6!�� +�=<( %�c� ��� ��!      )��a#" 3�$��,   

&'� >" B	�G&$"�3# 3��#�$ p��1# )"�@` +, )* �	 %�I�, .

r�� � ����	�

 2��� <�#N�

"�,(  =���$ +�V� 3          	 ��R ���=E# �	 _�71� %�" �	 Kg�~~

!�#3D�=9# ��J� 3 �I�M B���(Cyprinus carpio) C� B�"	" >" 

  �V� v��� .x�I ��	�M + .    ='I .���&1# +��5� >" f�3 !�# 3

    !��# A)"�5&$"   �$�� )	�� "�<  3    ��, )* ��I�M   +&H�I 

    �I t�j A�I�M t�j B�b&$	 .      3!��# �I�M +K��# +$ fJ$

              ��0�# ;* Q�ER ���, �! �	 +� +&HI 	�$ ;* �, "�3n   ��,"�, 

  P�j �I�M )> 3 !�# 3  	��,  .    �-�&HI ;* +�,(    ? " +��R�# 

�/~ %,3   Q��$ .�@,��   �/~ %     �-&HI ;* +,   Q��$�����(

  N�$ +�R�#�/~ % ��I +��g" Q��$����� .    �-�&HI +��R�# ��!

)  ;* �	 )�8�H�P (��     i +� ��-� ?�i +7�O	 3      .��# %��"   +�,

��i    P�j �I�M {��5# Q�"	 3 !�# 3       �, )X�=! �$�� ;*    +

          ��b,* +�R�# �-&HI ��, �! >" f�   �I B	> Q!(     ��I N��E8" 

    �� {��5# +� .��T %��,    ��T +j��� �	 "� �3     f��   +&5�� 

    )* +j��� >" ; �* ��K`>"P�j �I�M ��O3 !��# 3   ��$	 ��, "� 
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��n

      	�I s��P )* ;* +=! +� B	�-� . ��b,* �	(     f�� �P* +�R�# 

   P�j �I�M )	�-� >"3 !�# 3          "� %�b@�$ +�8>  d�� A�$	 �, 

"�,( B	�-� >�$(    .�# +, �~   �� ��   � +7�O	 (  P�j �I�M 3

!�#3 )* ;* �� +&I"�M ��i +,  	��I s��P C#�� )�� A��   �k .(

  ?�01#   ��$	 +�,        =����$ )��=! +��R�# %��" �	 B��#* 3  N��P 

#3�I�, .   =���$ �9, +�R�# �	3         ��I Q�H�7� �=H�O  	 +, N�P  .

     , �V8* >" �=HO d� +,  + =���$ )"�@`3  X�j �!�I (    �-�8 +��g" 

                %����� )���$�a�G��&$" +�<�	 ��, %��&'� �V8* >" �=HO d� +,  

�M +��g"��	 (Low methoxylated polygalacturonic acid) .

            ?���1# "��&," +� 	�, .��T %��, %�&'� )	�� +��g" >�i

� %  %�&'�)  �=b�$ �]�I �P�$( �'��#*  ( �I +&P�$ . ">" +,(

  �!�~~  =���$ N�M 3�~~~ ��# 3   ?��1# �&�D� %  %�&'�  ���] +,

 �I B	�,A @9� 3 ��0# %�&'� )>  3 	 �R � %=���$ )> 3�, 	 .

"�,(    ?��1# +�V� � %           .�"��R ��, N"��� [���$ )	X=! >" %�&'�

      %�&'� �� �I B	�G&$" )	"	 ��i +,       	��I C�R�q7# ;�* �	 C#��  .

 =���$ fJ$3          .�# +,   +&5�� ��� ?��1# �	 "� ��   �`��$ 

       �-, �	 	�<�# �@b# �$�� {��5# ?�e5� �	 ox#���     Q�! +�, 

 �I B	> .       ���T +j��� �	 "� {��5# �9, > �3  �&5��      >" f��   +

  )* A;* s �P =���$ ��O3          )* ;* +�=! +� B	�-� �$	 �, "� 

 ��i +,     	�I s��P C#�� )�� .()* +8�=8 B�M�!(  ��R   �!�I (

  +H�� �	 %�&'��!( �� 3 %���" +&H,(�@,�@,�	   ( f�   ��	�M 

�#	 �	 A	�=E8" >"(ºC �~�+b8(�"	 f�   �GT )�#> �	   �I 

 >"�   n B�# +b8(�"	�, $�3�I N�E8" �V8*  .

���0PP:�/PP�W
 IPP��/b <PPZ:
��� cQ (Water binding 

capacity)
  ����:+b8(�"	     � � _Ki ;*   v������     	   B>"��8" ���M(

  �I)�~ .(  "�&,"�/�N�M=���$3    )>  "�   B	��   � ��# 3  ;* �&�D

    B	�� +��g" )* +, �q7#     +-��I )X=! d=� +, A"( )*   �, "�  +  Q�!

  ,   B	>  +,�P3  {��5# Q! �,  Q�	��� . "� {���5#   .��# +�, �n

  �#	 �	 �`�$(ºCn      �$�, ?	�9� +, �� B	"	 �"�O . )* fJ$  �, "�

 B�b&$	F��G��&8�$)  ��8 >" MSE)�&H�b8" �P�$(  F��G��&8��$ 

  B	��)rpmn~~~ A �~   A+7�O	 ºCn (    �9, +�R�# �	   8��O�� [���#3

   B	�� "�< "� )>  "� ;�$�Q�	��.

  ����:+b8�"	(   ;* )N�M/N�M ( �,  +      +K�$�1# ���> .���T

��	�M :

���0:�/�W
     f�/V)�� I���	X 0F�� 3�dN�/5	�
    �� ��P�7� 

 e :(Salt extractable proteins) 

 "�&,"��=���$ N�M 3 �	 "� �~��# 3  ����, ��&�Dn~ 3���#  ��#�/

Tris-HCl)� =pH   ( �R A� % Q��$ ����] (      fJ�$ AB	��� C�R

   .�# +, {��5#�  �X���8F�=! B�b&$	 �$�� +7�O	 )Silverson A

 )�&H�b8" �P�$ (           F��G��&8��$ >" ��9,   ��I )F��=!)  B�b&�$	

Sorval  A��'��#* �P�$ A  rpmk~~~A �~  A+�7�O	 ºCn(  [���# A

8�O��3     )*   B	�� "�< "�   # +b8 "�3 Q��"	  .$      ��, "� ;��$� fJ

�~ ��# 3              ��9,   B	��� {��5# /�, �	 B�I ��� ���, )�=! >"�&�D 

        B�b&�$	 )��=! �, F��G��&8�$ >")rpmk~~~  A�~   A+�7�O	 ºCn( A

 8�O�� [��#3)*   �I "�< 8�O�� [��# �, "�3   ^����� C�KO +�R�# 

Q�	�� .    � � +�, ���� ?��1# �	 	�<�# %�c� �� )"X�# �P* �	

��D((Lowry) 8"    ��I +&��M B>"� .     )"X��# fJ�$ %�c� ��� ��!(

 d=8 �	 ?��1#(SEP),  + �I +K$�1# ��> .��T)�   �n.(

          � � �$�� 3=���$ �	 C� %�c� �� �T�	 ��� ?�#�� �	

 B>"�8" ?"�����M(   �I )� .(    � >" %�c� �� )"X�#(   )F �&�8 )"X�# 

 C��K� ^��g >" B	�G&$" �,��/���	�M +K$�1# .

���0:�
/�W��' r�� <� ���7� 3�dN�/5 


)�=!       ?�#�� �	 �I )��, +� ��iB>"�8"(��M   )"X�# %�c� ���!(

   "�, d=8 �	 ?��1#(            [���# �	 ?���1# %�c� ��� )"X��# %���9� 

8�O��3   ��D � � >" (    �I B	�G&$"  )�  A��     �n .(   � � %�" �	

 ?��1# "�&,"�!(   �b-@]"  A  AB  AC     E    �8�I +�V� )�     �� (  

WBC =

�=���$ +�D " )>   

;�$� )>  6�"X�"

�=���$ C� %�c� �� )"X�#

×�~~

 �	 B�I ���M B>"�8" ?��1# %�c� �� )"X�#

 �8�O�� [��#
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 " f�  ?��1# +�V� >�!(    %�c� �� 	�"�8�&$" )  ( �M N�$ %�#�KD* (

         s�# ?�i �	 �V8* ;�< )"X�# %��9�  �~~      B�b&�$	 ��, �&#�8�8 

  �&#�&� �&'J$")  ?�#MSE  )�&H�b8" �P�$ A( @1@# A3  	�"�8�&$" 

  {�,�#)C'I� (Q$�       	�"�8�&�$" +D	�9#   B�I    ��$	 +�,  B	� * 

�I .      b&$	 �, ?�VE# +8�=8 ;�< )"X�# fJ$   �&#�&� �&'J�$" B�

 ���U�2   ���I +&��I"�M 	�"�8�&��$" +��D	�9# �	   ����	�M %����9�

��# �	 N�M �'�# ^HR�, ?��1# %�c� ��3 �&�D �$	 +,�#* .

���0:�
/�W<:� : �� <��/�! 0F�� 	�
0 1
� 

            	"�#   ;* )"X�# A	�=E8" �D�R >" ?�01# )	�� s��P >" f�

 < �P ?��1#3        )>  +�, +�<�� �, ?�01# >"      ��=E@# +�8�=8

  ����> ?���#��   	���=E8" ���D�R >" s ���P >" f��� +��8�=8 )> 

B>"�8"(��M   �I )�     �� .(        ��I�, �&-�, ��&��� %�" )"X�# +j �!

)�-��8)* B���@!	"  �	 ;* B���8�"�Vb8 C��#"�`   �����, +��� ���$

 ?�01#)%�c� ���! (B�I +#�T ��j	 �&-�,�8".

��/���	�Q 
 g2	): 

6��#>*�!   � +$ �	  E8" �"�a�  i   N�� ��#* ��( =`" �    ���i B�I ?�

 �	�0� x#��3        +�@#"	 �@j )�#>* B	�G&$" 	��# )�#>*   "(   %�'8"	 

	�,.�"X�" N�8 >"SPSS "�, (��#* +�XE� (B	"	 �I B	�G&$" �!.

s7� � g2	):

 I��/b<Z:
��� cQ 

 >" C��T�R z����&8B>"���8"(����M ������: +��b8(�"	 ;* (WBC)

+��8�=8���!(4���&5#  �	  ? ���<� ������: 6!���� ���T�	   

+b8(�"	 �	 ;*  ? �<�B�I B	"	 )�-8 �8".

)�=!   # B�!�-# +� ��i3  +8�=8 �	 		�M�!(+b8(�"	   B��I 

(�#	 �	ºC�~� B� 	 )���� �	 +b8(�"	  �����: 6!�� �T�	 

+b8(�"	  �R +8�=8 �	 ;* (   	��, ��&=� %�&'� )~�/~P< (  +�]

 3# )�-8   �" B	�# %�&'� �!	8	 X3�YZ#(        �����: p�GR ��V< �	 

+b8(�"	;*   �, %��&'� 6��#>* %�" v�$" �,   �$" B	�, +  )"��@`

   ��#�$ p��1# B	�# d�3  # �@&'� ����"�� 3   ��@� C=` �8"�� .  z���&8

 �$	 +,    )�q��$ .�7�71� z��&8 �, +H��7# C,�O 6��#>* %�" �	 B�#* 

  D   " �,3��#�$ p��1# 	"�# +j�M A�$" %�j 3   ��V8* B	�G&�$" 	��# 

  �b�	 ��8 >"( 	�,  .     >" f�� +�� ��8	�� B�!�-�# )�771# %�"n  B��# 

+b8(�"	`�8 3=���$ 3�#	 �	(ºC�~– )"X�# ����:+b8(�"	

 ���R +��8�=8 �	 ;*(��$ � > �� + ?�&�,����$+ ?���&�&�/ + X��&�D

(Litesse)  ��� B�I �xT" C'I A3  >" A> �&H��	 ��/�  +�, kn/~   

  �R +8�=8 �	 ( $ �  > �� +   >" ?�&�,��$n~/�  +�, k�/~  +�8�=8 �	   

   >" �!�In�/�   +, ��/~)  N�M/N�M (��$� .      B�!�-�# ��b�	 .��K` +,

  �����: 6!�� �T�	 +� �8	�� +�b8(�"	;*    >" �!��I +�8�=8 �	

+8�=8�!( �R ( 	�, �&-�, �@&'� ����"�� )�n(.

  ?��$ �	�k��    ������: +�� ���8	�� )���, )"����'=!   ��=@� 

+b8(�"	;*  �	%�c� ���!(!�# 3   ��, {��K��" �	  %�c� ��� ��!(

      ����: 6!��   B	�, C��K����# +�b8(�"	       .��# ?��i �	 ;* 

+b8(�"	   �, ���=`   +   &�I�$"  ���`3 %�c� ��� ��!(   C���K����# 

��#3���I�, .&��I�$"  /���=&R"3%�c� �������!   	���=E8" %���R �	 

+b8(�"	   �!�8������\� �Y" �	 (  	 Ad�,�� ���! ( D�$     Q!��,   ��G

6@��!( 8�� 3  B��E8> %�, �!(        )	"	 �$	 >" +E�&8 �	   %�c� �� 

   B��E8> %�" �$�� ;* # �!3  �I�,)� .(  ��#��$ p���1# 	"�# ?�R3

    )	�� +�"���! �,%�c� ���!      �	   B	"	 6!��� "� �V8* )�I B����8	 A

 ������: �����I 6!���� >" +��E�&8+��b8(�"	;*  B� 	 ?���i �	

+b8(�"	��M��< (#3 �@@�)�   n.(

 f�/V)�� I���	X ��Y��3�dN�/5	�
e : �� ���7� 

 >" CT�R z��&8B>"�8"(��M �T�	%�c� ���!(d=8 �	 ?��1# 

+8�=8�!( �	 4�&5#  ? �<��$" B�I B	"	 )�-8 .

 �	 ? ���<n 6!���� ���T�	 %�c� ����(���! d��=8 �	 ?����1# 

+8�=8�!(+b8(�"	   �#	 �	 B�I (     >" f� 	�=E8" n  B�#+b8(�"	

   �$" B�I B	"	 )�-8 .)�=!      �# B�!�-�# +�� ��i3    ��T�	 		��M

  6!��%�c� ��(�!          ��R +�8�=8 �	 d�=8 �	 ?��1# (  %��&'� 

	�=E8" �D�R >" s �P >" f� +8�=8 )> �

 )> E@# +8�=8 �=

�=E@# +8�=8

×�~~ %+,"��I =
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 ����� ��	
� � 
���	�� ��
� � ���� / �	�������� /  ��	 !��! � "#$) &'�(/�	)*��+,-.

���

y = 0.0018x - 0.0017
R2 = 0.9939
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"4!\ .���0:� q�/� q��' 82	��Q ���0:	)�� p
7
�3�dN�/5 ��Y�� q/�W���7� q	�

��0_+ . cQ q��0#Z: I��/b)�/W/�/W (:� :<	� q��0#Z: ���� ��� �� ) q	��ºC\]^(

*: �"�'� +$ %�b8��# 	�` �!)SD± ( �$".
** : 4�	� �! �	)�-8 f��8/�, dj�� m �R . �G��@9# ���#* mx&P" B�@!	B	"	 %�, �"	�# �! �I�,)~�/~P<.(

*** :)�-8 f��8/�, w�X, m �R . �G� )�&$�! �	�@9# ���#* mx&P" B�@!	B	"	 %�, �"	�# �! �I�,)~�/~P<.(

��0_\ . cQ q��0#Z: I��/b 8�	E 0F��<:� :	� q��0#Z: ���� ��� �� ) q	��C˚\]^ (

/`F �	�� �� <�'�� ��09� <� I�*:

* :�@9# ���#* mx&P" B�@!	 )�-8 )�&$�! �	 . �G&# m �RB	"	 %�, �"	�# �! �I�,)~�/]P<.(

   	�, �&=�)~�/~P< .(         	���# �	 ��b�	 .���K` +, +�8�=8 ��!(   ��R (

A%�&'�+j�M )"X�# %�c� ��� ��!(    "��&," �	 d�=8 �	 ?���1# )  )��#>

�GT(         B� 	 �$ ���$ �	 �#" 	�, Q� A+b8(�"	      6!��� �"�7# A�X��� �	 

     ��$" B	�, y�8" ���H, )* .         )"X��# )	��, %����� ���` %�c� ���  (��!

d=8 �	 ?��1#+8�=8 �	 " �	 %��&'� ( �R (�!  "��&,)  �G�T )��#>( A

   %�c� �� ��DxR 6!�� ���I    +8�=8 %�" �	 C��K����# (�!    +�� ��$�!

                   3��=���$ +�, %��&'� )	 X��" � � ��, {��K��" �	 /��=&R" Q! %�"

3�#�I�, .     3# �U8 +, �b�	 .��K` +,          � � 	��KV, ��, )"��&, +�� ��$�

     �"��2 B	�# +, %�&'� )	 X�"3    )"X��# A %�c� ��� (��!    �	 ?���1# 

	 "� d=8 "�&," �)�GT )�#> (��/�, �R �	(,   �I"	  ++��$ 

)�#>

+8�=8*�GT�B�#nB�#

�!�I** a A )~�/~±(��/~b A )~�/~±(n�/~A c)~n/~±( ��/~

%�&'� � �R***a B) ~�/~±(�k/~b B  )~�/~±(��/~b  B) ~�/~±(��/~

)�#>

+8�=8*�B�#nB�#

�!�I*a�/��a�/��

%�&'� � �Rb�/�~b�/�~
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���

��0_, .3�dN�/5 0F��<:� : e : �� ���7� q	� q��0#Z: ���� ��� �� 	�)q	��ºC\]^(

* : �"�'� +$ %�b8��# 	�` �!)SD± ( �$".

** :)�-8 f��8/�, dj�� m �R . �G� 4�	� �! �	�@9# ���#* mx&P" B�@!	B	"	 %�, �"	�# �! �I�,)~�/~P<.(

*** :)�-8 f��8/�, w�X, m �R . �G� )�&$�! �	�@9# ���#* mx&P" B�@!	 �"	B	"	 %�,�# �! �I�,)~�/~P<.(

 ��0_a .3�dN�/5 ��09� 8�	E 0F��<:� : e : �� ���7� q	�	� q��0#Z: ���� ��� ��) q	��ºC\]^ (

/`F �	�� �� <�'�� ��09� <� I�*:

* :$�! �	 . �G&# m �R)�-8 )�&B	"	 %�, �"	 �@9# ���#* mx&P" B�@!	�# �! �I�,)~�/~P<.(

�V&8" �� A%�&'�(+b8(�"	��M��< )* 6!�� >" (	�=8  .

  z��&8 �$	 +,  z���&8 �, _,�q# 6��#>* %�" �	 B�#*   ��$	 +�,

     # 68"��'=!     F �$�� B�#*3    � +&KD" +� �I�,(    p���1# 	"�# 

��#�$3 �b�	 (�&'� >" ��2   ��8	�� _��71� % .     %��" +�, 	"���" %��"

      >" f� +� �8��$� +E�&8�   B�# +b8(�"	 ̀ �8 3 =���$ 3   ��#	 �	 (
ºC��–  )"X�# A %�c� �� ��!(     �!��I +�8�=8 �	 d�=8 �	 ?���1# 

=���$3   	 �R �/nn %  D  +&I"	 6!��3   �	  +�8�=8 ��!(   ��R (

  ��#�$ p��1# 	"�#3  �� C#�I (     > ����$   .�&�/ Q��$ A>�D�!  +

�,��$ ^���� +, ?�&n/�n% A�/�k %  �/�n %���� 6!��) .�k.(

Q!%�@j   z��&8  �$	 +,          ��, +H���7# C,�O _�71� %�" �	 B�#* 

+&���(�!D   " �, )�q�$3# %�j 3 p��1# B	�# ��8 +j�M A�I�,

��#�$3          	��K8 %��&'� X��8 )�-�" .�9D�q# �	 B�I B	�G&$" )�n .(

          >" f�� +�� �8	�� B�!�-# )�771# %�"n  B��# +�b8(�"	 ̀ ��8 3

=���$3   ��#	 �	 (ºC�~� A    )"X��# %�c� ��� ��!(    �	 ?���1# 

d=8 �R +8�=8 �	( > ����$  + ?�&�,��$+  ?��&�&�/+ X�&�D A

  >"�k %  +,n� %    �R +8�=8 �	  (  > ����$  +  >" ?�&�,���$�� %

  +,nk %  >" ?�&@� +8�=8 �	  �~ % +,�k %��$� .  +�� �@&����	 �V8*

6!�� �T�	 ��%�c��!(�	 d=8 �	 ?��1#    >" ?��&@� +�8�=8

+8�=8�!(   ��R (      ��#��$ p���1# B	��# 3    �&-��, )�/�� (%  �	  

 �R +8�=8( > ����$  ++=! >" ?�&�,��$+8�=8	�, �&=� �!.

    )"X��# 6!�� %�c� ��� (��!       .��# ?��i �	 d�=8 �	 ?���1# 

+b8(�"	  , ^�2"   +  ��#	 .�8�$�8 ��`3(Fluctuation) +8�P	�$ 

 $"   &I�3%�c� ��(�!   �#	 �	 C��K����# (    �# 	��=E8" 3 ��I�, .

  ��#�$ p��1# 	"�#3    ��M���< ��, (   &�I�$"  >" 3 %�c� ��� ��!>" 

 ���I 6!�� %�c� ��� (��!  d�=8 �	 ?���1#   .��# ?��i �	

+b8(�"	 ��M��< ( # 3  �@@�)�� (      %��@j X�8 %�&'�   (��Yh��  "� 

�$" B	"	 )�-8 6! W� %�" �	.

    �7� ���� � cQ ��Y��   _�/G cQ �� ���) <��/�! (<:� : �� 	�

 �	 1:� ��� �	Z
�

 +,"��I �T�	+8�=8�!6�"X�" �T�	    +,"��I+8�=8�!^���� +, 

 �	 ? "�<�  ��$" B�I B	"	 )�-8 .

)�#>

+8�=8*�GT�B�#nB�#

�!�I**a A)�k/~±( �/��b A) k�/~±( n/�kb A) k/~±( �/��

%�&'� � �R***a B )�/~±(�/�nB a ) �/~±(k/��B a) k�/~±( �/��

)�#>

+8�=8*�B�# �B�#

�!�I*a�/n�an/��

%�&'� � �Rb�/��b�/��

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

46
.4

9.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

15
 ]

 

                               7 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.49.3
https://jcpp.iut.ac.ir/article-1-1120-en.html


 ����� ��	
� � 
���	�� ��
� � ���� / �	�������� /  ��	 !��! � "#$) &'�(/�	)*��+,-.

���

��0_i . 0F�� <��/�!<:� :	� q��0#Z: ���� ��� ��) q	��ºC\]^(

* : �"�'� +$ %�b8��# 	�` �!)SD± ( �$".
** :�@9# ���#* mx&P" B�@!	 )�-8 f��8/�, dj�� m �R . �G� 4�	� �! �	B	"	 %�, �"	�# �! �I�,)~�/~P<.(

*** :/�, w�X, m �R . �G� )�&$�! �	�@9# ���#* mx&P" B�@!	 )�-8 f��8B	"	 %�, �"	�# �! �I�,)~�/~P<.(

 ��0_t .82�Y�� 0F�� <��/�!<:� :	� q��0#Z: ���� ��� ��) q	��C˚\]^ ( <� I�*:

 �	�� �� <�'�� ��09�a�	� 

* :�@!	 )�-8 . �G&# m �R�@9# ���#* mx&P" BB	"	 %�, �"	�# �! �I�,)~�/~P< .( 

          .���O 6!��� >" z&@# +� +,"��I 6�"X�" +�b8(�"	   �	 ;* 

��, A���$" 	���=E8" B� 	 ?���i +&��I�$"  ����`3%�c� �������!(

    	�'�=` l"�P 6!��   C��K����#(   %�" %�c� ���!     Q!%�@j

  , �Y" �	  +       ��, +, B	�"  ^�$*   ��&P�$ %&5�� Q!  �"�2 	"�# �3

  �@� �Y" �	(       ���#	 .�8��$�8   	�=E8" .���=` 3    %��R  +�b8(�"	

#3�I�, .   ��#�$ p��1# 	"�# ?�R3      )	��� +�"���! �,  %�c� ��� ��! A

          B	"	 6!�� "� �V8* )�I +&I�$" Q! %��@j  ��,  +�b8(�"	   ;* 

  ���, )��# �	 ?��1# 	"�#      ?��i �	 +,"���I ����I 6�"X��" >" ��!

  M��< 	�=E8" B� 	��(  �# 3   ��@@�)�     n (       6! W�� %��" z���&8  

  )�-83#�!	   , %�&'� +�   +,�P3         )"X��#   B	"	 N�E8" "� +G�:  %�" 

     �\#   ?��1# 	"�# A;* .�9��g(< �P 3   ��=E@# ?�0�1# >" 

��b=-j �R �	 	�=E8" [�� N�b@! �	 "�(�$" B	"	 6!�� .

<1�):/�W


 ��i +, �� 3      B� 	 ?��i �	  +�b8(�"	 +�8�=8 ��!(  =����$ 3  �	 

�#	(   	�=E8" ) .�# +,n B�#  (       )"X��# +�� ��@j �! %�c� ��� ��!(

       �����:   d=8 �	 ?��1# +�b8(�"	   �	 ;*  +�8�=8 ��!  6!��� 

 D  ����3       �!�I +8�=8 �	 6!�� %�"  ��i +,  �@9# 3�"	(   �&-��, 

  >"+8�=8�!(  �R (    	�, %�&'� )~�/~P< .(Q!%�@j    +� �@j �! 

 >" f�n B�# +b8(�"	+8�=8�!�#	 �	 (  )"X��# A	��=E8"   +,"���I

      +=! �	 	�=E8" [�� N�b@!+8�=8 ��!(  =����$ 3     ����� 6�"X��" 

D 3        �!�I +8�=8 �	 X�8 6�"X�" %�"  ��i +, @9# 3�"	(    >" �&-��, 

+8�=8�!(   ��R (      	��, %�&��'� )~�/~P< .(   �# %�"�,��@,3  )"���

   ��#���$ p����1# B	���# d��� )"���@` +��, "� %�&���'�3 +��K@< >" 

 ���# .��T�0P             �"��2 	"��# ���G�� B��@!	 	��KV, d��   �3

  ,   �=E@#  + @�Xb��< )"�@`3 "�, (	�=8 ��q# +,�-# 	"�#  .  +�&KD"

      "��, +�� ��$" �&V,(         � � ?�0�1# +�, %��&'� )	 X��"  ��!(

^$�@#��($��, "� 3	�=8 .


��YZ�	U�

        .x��I C�] B�"	" N��&1# )��@]��]   ������# >" +���$  %��,

     @V# (�O* ;�@< BW�  +, v���      (�#��` v�@V# (�O* AQU9# v�

   3D�, v�@V# Q8�P                (���� "� ��# BF ��� %��" N��E8" �	 +] B	">

3# 38"	��O +8�=�=T A�8	�]		�M.

)�#>
+8�=8*�B�#nB�#

�!�I**a A)�/ ~±(~/��b A ) ��/~±(�/�~

%�&'� � �R***a B)n�/~±( �/ka B) �/ ~±(�/�~

+8�=8* )�#>)nB�#(

�!�I*a�/��

%�&'� � �Rb�/�

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

46
.4

9.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

15
 ]

 

                               8 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.49.3
https://jcpp.iut.ac.ir/article-1-1120-en.html


 3�)45 �2	�/� 6�	7� 89: p��/�0 1
� � 2��� ��

��k

��	
�������	`)��

�. . ? A(	�07# .���� .$��,3   8	 X�" ��&'� ����"�� �Y" 3�!(   � 4�&5# ( �"���� (%�c� ���!( =���$ 3     .�# ?�i �	 +b8(�"	 .

�8 )����>"��I B�b-8"	 A(>� �-] B�a-8"	 A3�"�2 [��@T   N��` �I�" 3$�@I��] +#.

2. AOAC. 1980. Official Methods of Analysis. Association of Official Analytical Chemists, Washington, DC.
3. Auh, J. H., H. G. Lee, J. W. Kim, J. C. Kim, H. S. Yoon and K. H. Park. 1999. Highly concentrated branched 

oligosaccharides as cryoprotectant for surimi. J. Food Sci. 64: 418-422.
4. Benjakul, S. and F. Bauer. 2000. Physicochemical and enzymatic changes of cod muscle proteins subjected to 

different freeze-thaw cycles. J. Sci. Food Agric. 80: 1143-1150.
5. Borderias, A. J., J. Jimenez-Colmenero and M. Tejada. 1985. Parameters affecting viscosity as a quality control for 

frozen fish. Marine Fish. Rev. 47: 43-45.
6. Duun, A. S. and T. Rustad. 2008. Quality of superchilled vacuum packed Atlantic salmon (Salmo salar) fillets 

stored at -1.4 and -3.6˚C. Food Chem. 106: 122-131.
7. Fennema, O. R., W. D. Powrie and E. H. Marth. 1973. Low Temperature Preservation of Food and Living Matter. 

Marcel Dekker, New York.
8. Hoefler, A. C. 1991. Other Pectin Food Products. PP. 51-66. In: The Chemistry and Technology of Pectin. 

Academic Press, New York.
9. Hsu, S. Y. 1990. Effect of frozen storage and other processing factors on the quality of surimi. J. Food Sci. 55: 661-664.
10. Lanier, T. C. 1986. Functional properties of surimi. Food Technol. 40: 107-114.
11. Lee, C. M. 1984. Surimi process technology. Food Technol. 38: 69-80.
12. Lee, C. M. 1986. Surimi manufacturing and fabrication of surimi-based products. Food Technol. 40: 115-124.
13. Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall. 1951. Protein measurement with Folin phenol reagent. 

J. Biol. Chem. 193:256-275.
14. Lyver, A. 1997. Formulation, shelf-life and safety studies on value-added seafood products. MSc. Thesis, McGill 

University, Montreal, Quebec. 
15. Matsumoto, J. J. 1980. Chemical deterioration of muscle proteins during frozen storage. PP: 95-124. In: Whitaker, J. 

R. and M. Fujimaki. (Eds.) Chemical deterioration of proteins, ACS Symposium Series, 123, American Chemical 
Society, Washington, DC.

16. Mesbahi G., J. Jamalian and A. Farahnaky. 2005. A comparative study on functional properties of beet and citrus 
pectins in food systems. Food Hydrocoll. 19(4): 731 – 738. 

17. Moosavi-Nasab, M. 2003. Protein structural changes during preparation and storage of surimi. Ph. D. Thesis, McGill 
University, Montreal, Canada.

18. Moosavi-Nasab, M., I. Alli, A. A. Ismail and M. O. Ngadi. 2005. Protein structural changes during preparation and 
storage of surimi. J. Food Sci. 70: C448-C453.

19. Park, J. W., T. M. Lin and J. Yongsawatdigul. 1997. New developments in manufacturing of surimi and surimi 
seafood. Food Rev. Int. 13: 577-610.

20. Porteous, J. D. and D. F. Wood. 1983. Water-binding of red meats in sausage formulation. J. CIFST. 16: 212-214.
21. Roth, B., E. Slinde and J. Arildsen. 2006. Pre or post mortem muscle activity in Atlantic salmon (Salmo salar). The 

effect on rigor mortis and the physical properties of flesh. Aquaculture 257: 504-510.
22. Sikorski, Z., J. Olley and S. Kostuch. 1976. Protein changes in frozen fish. Crit. Rev. Food Sci. Nutr. 8: 97-129.
23. Somjit, K., Y. Ruttanapornwareesakul, K. Hara and Y. Nozaki. 2005. The cryoprotectant effect of shrimp chitin and 

shrimp chitin hydrolysate on denaturation and unfrozen water of lizardfish surimi during frozen storage. Food 
Res. Int. 38: 345-355.

24. Sultanbawa, Y. and E. C. Y. Li-Chan. 1998. Cryoprotective effects of sugar and polyol blends in ling cod surimi 
during frozen storage. Food Res. Int. 31: 87-98.

25. Sych, J., C. Lacroix, L. Adambounou and F. Castaigne. 1990b. Cryoprotective effect of some materials on cod-
surimi proteins during frozen storage. J. Food Sci. 55: 1222-1227.

26. Thakur, B. R. 1997. Chemistry and uses of pectin. Crit. Rev. Food Sci. Nutr. 37(1):47-73.
27. Yoon, K. S. and C. M. Lee. 1990. Cryoprotectant effects in surimi and surimi/mince-based extruded products. J. 

Food Sci. 55: 1210-1216.
28. Yoon, I. H., J. R. Matches and B. Rasco. 1988. Microbiological and chemical changes of surimi-based imitation 

crab during storage. J. Food Sci. 53: 1343-1346.
29. Zhou, A., S. Benjakul, K. Pan, J. Gong and X. Liu. 2006. Cryoprotective effects of trehalose and sodium lactate on 

tilapia surimi during frozen storage. Food Chem. 96(1): 96-103.

 [
 D

O
R

: 2
0.

10
01

.1
.2

25
18

51
7.

13
87

.1
2.

46
.4

9.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 jc
pp

.iu
t.a

c.
ir

 o
n 

20
26

-0
6-

15
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

https://dor.isc.ac/dor/20.1001.1.22518517.1387.12.46.49.3
https://jcpp.iut.ac.ir/article-1-1120-en.html
http://www.tcpdf.org

